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sensing capacitor can be directly mounted to a high-voltage
busbar. The indicator unit may provide visual and/or audible
alerts to maintenance personnel when high voltage conditions
are detected on the busbar by the sensing capacitor. The
sensing capacitor 1s comprised ol a portable, unitary capaci-
tive structure that includes a molded insulator body encapsu-
lating two electrodes. The electrodes of the capacitor only
partially or incompletely overlap within the insulator body.
The electrode spacing and configuration 1s structured to pro-
vide a deliberate amount of coupling between the two elec-
trodes 1n the presence of an AC electric field. Because of rules
governing Abstracts, this Abstract should not be used to con-
strue the claims 1n this patent application.

22 Claims, 2 Drawing Sheets
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HIGH VOLTAGE SENSING CAPACITOR AND
INDICATOR DEVICE

BACKGROUND

1. Field of the Disclosure

The present disclosure generally relates to the field of
sensing or detection of presence of high voltages on electrical
conductors 1n AC (alternating current) power distribution sys-
tems, and, more particularly, to a high voltage sensing capaci-
tor with electrodes having an incomplete or partial overlap
and are substantially completely encapsulated within an 1nsu-
lator body.

2. Briet Description of Related Art

High voltage single and multi-phase AC (alternating cur-
rent) power sources are utilized in many industries. The use of
high voltage AC power distribution systems 1s accompanied
by the risk that electrical maintenance personnel (and others)
may 1nadvertently come 1nto contact with energized conduc-
tors and be electrocuted or seriously injured. Thus, 1t 1s desir-
able to safely determine 1f a particular segment of an electrical
bus 1s energized. Such determination of existence or magni-
tude of these high voltage conditions may prevent human
injuries or deaths.

U.S. Pat. No. 5,065,142 (*the 142 patent”) discusses a
safety apparatus for indicating a live AC voltage condition 1n
an msulated electrical conductor having a central conductor
wire. A capacitor 1s constructed around the insulated conduc-
tor so the high voltage central conductor wire within the
insulation forms an mner electrode of the capacitor and the
conductor insulation forms the principal dielectric of the
capacitor. The outer capacitor electrode 1s slidably placed
onto the msulated conductor. Such capacitor provides a high
impedance circuit through a gas discharge lamp to ground.
The current through the capacitor 1s suflicient to cause the
discharge tube to glow when the high voltage circuit 1s ener-
gized, thus providing a visible warning to maintenance per-
sonnel. Each of the three phases of an electrical distribution
network can be independently monitored in this manner.

The safety apparatus discussed 1n the “142 patent may not
be suitable to be attached to a busbar 1n a piece of switchgear.
Hence, a busbar-based voltage sensing device may be desir-
able for higher voltage applications.

Furthermore, it 1s observed here that some existing high-
voltage interface apparatus are constructed such that the elec-
trodes and the dielectric material of the capacitive interface
are exposed to air. This exposure to air may create corona and
fringing, which may 1n turn create a partial discharge condi-
tion. The partial discharge may cause a continual degradation
in the capacitor’s dielectric material that may eventually
cause a “punch-through” dielectric failure. Such a failure may
be catastrophic and irreversible. The dielectric failure may
not only render the capacitive interface useless to provide the
voltage sensing functionality, but may also create potentially
unsafe and hazardous short-circuit conditions on high-volt-
age conductors. Hence, 1t also may be desirable to provide a
high-voltage sensing device that can avoid potentially
destructive partial discharges when used under ambient sur-
roundings.

SUMMARY

A high-voltage sensing capacitor according to one embodi-
ment of the present disclosure 1s an interface apparatus that
may be used to attach an mdicator unit to a high-voltage AC
clectrical bus (single-phase or three-phase). Multiple electri-
cal phases can be interfaced using a plurality of such sensing
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capacitors. The sensing capacitor can be directly mounted to
a high-voltage busbar. The indicator unit may provide visual
and/or audible alerts to maintenance personnel when high
voltage conditions are detected on the busbar by the sensing
capacitor. Thus, the sensing capacitor can be used 1n conjunc-
tion with a suitable indicator unit to provide safety or trans-
ducer functions.

In one embodiment, the present disclosure relates to a
sensing capacitor that comprises a portable, unitary capaci-
tive structure, which includes a pair of electrical conductors
having an incomplete overlap and a physical separation ther-
cbetween; and an insulator body of a dielectric material sub-
stantially completely encapsulating the pair of electrical con-
ductors and the physical separation therebetween, wherein
the 1nsulator body 1s configured to allow external electrical
connections to be made to the pair of electrical conductors.

In a further embodiment, the present disclosure relates to a
high voltage sensing configuration that comprises a sensing
capacitor and an indicator unit. The sensing capacitor
includes: a first electrode having an inner portion and an outer
portion, wherein the outer portion 1s electrically connected to
a high voltage busbar of an AC power source; a second elec-
trode having a hollow cylindrical shape that surrounds only a
part of the inner portion of the first electrode so as to partially
overlap the inner portion while leaving a space between the
first and the second electrodes throughout a region of the
overlap; an output terminal in electrical contact with the
second electrode; and an isulator body of a dielectric mate-
rial substantially completely encapsulating the inner portion
of first electrode, the second electrode, the space between the
first and the second electrodes, and the output terminal. The
indicator unit 1s electrically connected to the output terminal
(of the sensing capacitor) so as to receive capacitive current
generated by the sensing capacitor when the high voltage
busbar 1s electrically energized and to thereby provide an
indication of presence of high voltage on the busbar of the AC
power source.

In another embodiment, the present disclosure relates to a
system comprising: a first electrode having a threaded portion
and a non-threaded portion, wherein the threaded portion 1s
configured to be electrically connected to a high voltage
busbar of an AC power source; a second electrode having a
hollow cylindrical shape that surrounds only a part of the
non-threaded portion of the first electrode so as to incom-
pletely overlap the non-threaded portion while leaving a
space between the first and the second electrodes throughout
aregion of the overlap; an output terminal in electrical contact
with the second electrode; and an msulator body of a dielec-
tric material substantially completely encapsulating the non-
threaded portion of first electrode, the second electrode, the
space between the first and the second electrodes, and the
output terminal.

Thus, the sensing capacitor according to one embodiment
of the present disclosure 1s comprised of an 1nsulator body
encapsulating two electrodes. The electrode spacing and con-
figuration 1s structured to provide a deliberate amount of
coupling between the two electrodes in the presence of an AC
clectric field. The sensing capacitor provides a very high
impedance interface to the high-voltage bus, thereby deliver-
ing only microampere-level currents to an indicator unit to
enable the indicator unit to provide the desired indication of
the presence of high voltages on the electrical bus. The high-
impedance nature of the sensing capacitor effectively isolates
the indicator unit from the high-voltage source to which 1t 1s

connected.

BRIEF DESCRIPTION OF THE DRAWINGS

For the present disclosure to be easily understood and
readily practiced, the present disclosure will now be
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described for purposes of illustration and not limitation, 1n
connection with the following figures, wherein:

FIG. 1 1llustrates a simplified view of an exemplary high
voltage sensing configuration according to one embodiment
of the present disclosure;

FIGS. 2A through 2C depict exemplary mechanical views
ol the sensing capacitor according to one embodiment of the
present disclosure;

FIG. 3 shows a cross-sectional view depicting exemplary
constructional details of the high-voltage sensing capacitor
according to one embodiment of the present disclosure;

FI1G. 4 1s an exemplary circuit layout for providing audible
and visual alerts through the indicator unit when high-voltage
1s detected by the sensing capacitor on an electrical bus of one
of the AC phases; and

FIG. 5 1s an exemplary circuit layout similar to that in FIG.
4, but configured to provide only audible alerts through the

indicator unit.

DETAILED DESCRIPTION

The accompanying figures and the description that follows
set forth the present disclosure 1n embodiments of the present
disclosure. It 1s to be understood that the figures and descrip-
tions of the present disclosure included herein 1llustrate and
describe elements that are of particular relevance to the
present disclosure, while eliminating, for the sake of clarity,
other elements found in typical AC power distribution sys-
tems. It 1s contemplated that persons generally familiar with
designs, maintenance, or operation of AC power distribution
systems, will be able to apply the teachings of the present
disclosure 1n other contexts by modification of certain details.
Accordingly, the figures and description are not to be taken as
restrictive of the scope of the present disclosure, but are to be
understood as broad and general teachings.

In the discussion herein, when any numerical value 1s
referred, such value 1s understood to be the most practically-
teasible design approximation taking into account variances
that may be introduced by such mechanical operations as
machining, tooling, drilling, threading, molding, etc. Further-
more, a range of numerical values 1s understood to include all
values that constitute the range, unless otherwise indicated.
Also, various numerical values are provided merely as
examples for different embodiments of the present disclo-
sure, without necessarily restricting availability and applica-
tion of different numerical values 1n the context of present
disclosure.

It 1s noted at the outset that the terms “coupled,” “con-
nected”, “connecting,” “eclectrically connected,” etc., are used
interchangeably herein to generally refer to the condition of
being electrically connected. It 1s further noted that various
figures (including circuit diagrams, component diagrams, or
mechanical drawings) shown and discussed herein are for
illustrative purpose only, and are not drawn to scale. The
terms “ground,” “circuit ground,” or other terms of similar
import (or the symbolic representation of “ground” by refer-
ence numeral “20” 1n various figures herein) are used inter-
changeably herein to refer to a common circuit ground poten-
tial (which may or may not be zero) as 1s known 1n the art.

FIG. 1 1llustrates a simplified view of an exemplary high
voltage sensing configuration 10 according to one embodi-
ment of the present disclosure. As noted before, high-voltage
single and multi-phase AC power sources (e.g., switchboards
or switchgears, transiormers, power distribution boards, sub-
stations, or other electrical apparatus) are utilized 1n many
industries. The use of high voltage AC power distribution

systems 1s accompanied by the risk that electrical mainte-
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4

nance personnel (and others) may madvertently come into
contact with energized conductors and be electrocuted or
seriously mjured. Thus, 1t 1s desirable to safely determine 1f a
particular segment of an electrical bus 1s energized. A high-
voltage sensing capacitor 12 according to one embodiment of
the present disclosure may be used for this purpose as an
interface apparatus between a high-voltage busbar 14 of a
single-phase or three-phase AC power source and an indicator
unit (also interchangeably referred to hereinbelow as “indi-
cator device) 16 that may be used to provide visual or audible
alerts of high voltage conditions on the busbar 14. In one
embodiment, the sensing capacitor 12 may be directly
mounted or attached to the high-voltage busbar 14 (e.g., a
main busbar 1n a piece of switchgear) using a combination of
mounting studs, hexnuts, and lockwashers collectively repre-
sented by reference numeral “15” i FIG. 1. In confined or
other restrictive applications, a busbar extension (not shown)
can be mounted to the main busbar to allow the sensing
capacitor 12 to be conveniently mounted.

As 1s known in the art, the term “busbar” 1n electrical power
distribution refers to thick, tlat strips or hollow tubes of cop-
per or aluminum that conduct electricity within a switch-
board, distribution board, substation, or other single-phase or
three-phase AC power source. In the discussion below, the
terms “busbar,” “AC bus,” “bus,” or “electrical bus” may be
used interchangeably and such usage may be evident from the
context of discussion. A busbar may provide both a mechani-
cal and an electrical connection. Hence, busbars may be con-
nected to each other and to other electrical apparatus by
bolted or clamp connections. One such connection between
the busbar 14 and the sensing capacitor 12 1s illustrated in
FIG. 1.

The sensing capacitor 12 provides a very high impedance
interface to the high-voltage busbar 14, thereby delivering
only microampere-level currents to the indicator device 16 to
enable the indicator device 16 to provide the desired 1indica-
tion of the presence of high voltages (e.g., 1n the range of
approximately 2.3 KVAC to approximately 27 KVAC three
phase, and i the range of approximately 2.3 KVAC to
approximately 18 KVAC single phase) on the electrical bus/
busbar 14. The high-impedance nature of the sensing capaci-
tor 12 ellectively 1solates the indicator device 16 from the
high-voltage source (here, the busbar 14) to which 1t 1s con-
nected. The output of the sensing capacitor 12 may be routed
via a single conductor 17 to the imndicator unit 16. A male pin
orlead 18 of the conductor 17 may be inserted into an opening
of a threaded output terminal 34 (not shown 1n FIG. 1, but
illustrated 1n FI1G. 3) of the sensing capacitor 12, whereas the
temale pin or lead (not visible in FIG. 1) of the conductor 17
may be connected to the indicator unit 16 via a plug and cord
orip assembly 19. Under operating conditions, the current
may flow from the high-voltage busbar 14 through the sensing
capacitor 12 into the indicator device 16 (via conductor 17),
and finally into an earth ground connection 20. In one
embodiment, the ground 20 may represent the circuit or chas-
s1s ground of the indicator unit 16.

It 1s noted here that for ease of illustration and discussion,
FIG. 1 shows the busbar 14 of only one phase of a 3-phase AC
power distribution system. Although not shown here, mul-
tiple electrical phases can be interfaced using a plurality of
sensing capacitors. In other words, a sensing capacitor similar
to the capacitor 12 in FIG. 1 may be similarly mounted to a
busbar of each remaining phase, and the outputs from all such
AC phase-specific sensing capacitors may be provided to the
indicator unit 16. The indicator unit 16 may be equipped to
receive multiple mputs. Thus, 1n one embodiment, outputs
from a plurality of sensing capacitors (not shown) can be
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connected to the indicator device 16 via a single point (e.g.,
via the plug and cord grip assembly 19) so as to enable the
indicator device 16 to individually monitor high-voltage con-
ditions on each electrical bus.

In the embodiment of FIG. 1, the electrodes of the sensing
capacitor 12 are not visible because they are encapsulated
within an 1nsulator body 22 (of dielectric material) having a
plurality of surface undulations 24. Thus, during operation of
the capacitor 12, only the mnsulator body 22 (and 1ts surface
undulations 24) may remain exposed to ambient surround-
ings or air, thereby significantly reducing partial discharge
conditions due to corona and fringing. In one embodiment,
the 1insulator body 22 may be constructed using a
cycloaliphatic epoxy resin as dielectric material. This resin
may provide extremely high dielectric characteristics with
extremely low partial discharge performance. Thus, degrada-
tion of dielectric material and, hence, a catastrophic “punch-
through™ dielectric failure can be significantly minimized
using such resin in the sensing capacitor configuration illus-
trated 1n more detail 1n FIG. 3 and discussed later hereinbe-
low.

FIGS. 2A through 2C depict exemplary mechanical views
of the sensing capacitor 12 according to one embodiment of
the present disclosure. The msulator body 22 and surface
undulations 24 may form the outer surface of the capacitor 12
that 1s exposed to air or other ambient surroundings as men-
tioned before. An outer portion 25 of capacitor’s mput elec-
trode 28 (not visible in FIG. 2A, but shown 1in FIG. 3) may
remain outside of the isulator body 22 so as to allow the
capacitor 12 to be electrically connected, e.g., to the busbar
14. In one embodiment, the outer portion 25 1s threaded so as
to allow mounting of the capacitor 12 onto the busbar 14 via
studs, hexnuts, and lockwashers 15 as i1llustrated 1n FIG. 1.
FIG. 2B illustrates a left-hand side view and FIG. 2C 1llus-
trates a right-hand side view of the front view shown in FIG.
2A. The reference numeral “27” 1nthe view 1n FI1G. 2C relates
to the opeming 35 of the output terminal 34 encapsulated
within the insulator body 22 as shown 1n FIG. 3 and discussed
later hereinbelow. The opening 35 allows the male pin 18 of
the conductor 17 to be inserted ito the capacitor 12 for
clectrical connections.

FIG. 3 shows a cross-sectional view depicting exemplary
constructional details of the high-voltage sensing capacitor
12 according to one embodiment of the present disclosure. As
illustrated in FIG. 3, the sensing capacitor 12 according to one
embodiment of the present disclosure 1s comprised of the
insulator body 22 encapsulating two electrodes—a high-volt-
age mput electrode 28, and an output electrode 30. The elec-
trode spacing and configuration may be structured to provide
a deliberate amount of coupling between the two electrodes
28, 30 1n the presence of an AC electric field. In the embodi-
ment of FIG. 3, the electrodes 28, 30 are physically separate
from each other, but they have a partial (incomplete) overlap
between them within the msulator body 22. As mentioned
before, the sensing capacitor 12 further comprises creepage
surface undulations 24 forming an external part of the mnsu-
lator body 22. An output terminal 34 with an opening 35 may
also form part of the capacitor structure and may allow an
external electrical connection to be made to the output elec-
trode 30 as discussed below.

As 1llustrated 1n the embodiment of FIG. 3, the insulator
body 22 may be substantially cylindrical and, 1n one embodi-
ment, may be constructed of cycloaliphatic epoxy resin as
dielectric material for the sensing capacitor 12. In the
embodiment of FIG. 3, there are five surface undulations each
having a substantially annular (sloping ring- or disc-type)
shape as can be more clearly seen from FIGS. 1 and 2A.

10

15

20

25

30

35

40

45

50

55

60

65

6

However, depending on the range of operating voltages that
may be applied to the sensing capacitor 12 in the field, one or
more of the length, the diameter, and the number and shape of
the surface undulations 24 may be varied during construction
ol the capacitor 12 so as to accommodate the desired range of
operating voltages. The surface undulations 24 provide the
surface creepage distance between the input electrode 28 and
the output terminal 34. In one embodiment, the creepage

distance 1s 12.8 1nches for 18 KVAC per IEC (International

Electrotechnical Commission) standards for light dust.
Whereas, 1n another embodiment, the creepage distance 1s 20

inches for 25 KVAC per IEC standards for medium dust.

r

T'he input electrode 28 may consist of the outer portion 25
and an inner portion 26. The inner portion 26 may extend a
prescribed distance 1into the insulator body 22. In one embodi-
ment, the outer portion 25 may be 12-13 threaded to allow
mounting of the sensing capacitor 12 onto the busbar 14 as
mentioned before. The inner portion 26 may be non-threaded
and may remain substantially encapsulated within the 1nsu-
lator body 22 as shown in the exemplary illustration 1n FIG. 3.
It 1s noted here that the inner and outer portions 26, 25 are
identified in FIG. 3 for ease of discussion only, and such
identification 1s not meant to indicate or imply that the mput
clectrode 28 1s composed of two individual, separate, or dis-
jomt “components” 25, 26. In other words, the reference
numerals “25” and “26” are used merely to identily two
different sections of the same, single structure—i.¢., the input
clectrode 28. That 1s, 1n terms of a physical structure, each of
the three reference numerals “25,” “26,” and 28 relates to
only one physical structure—the input electrode. In one
embodiment, the input electrode 28 1s a partially-threaded,
solid, metallic cylindrical rod having a pre-determined
length. The partial-threading thus divides the electrode 28
into the iner non-threaded portion 26 and the outer threaded
portion 25. Diflerent geometries for the input electrode 28
may be used at lower voltages. Also, the length of the input
clectrode 28 may change 11 the overall design of the sensing
capacitor 12 1s lengthened. The input electrode 28 may be
made of copper, brass, bronze, or other suitable metal or metal
alloy.

In one embodiment, the output electrode 30 may be of a
hollow, cylindrical shape that extends a prescribed distance
into the msulator body 22 and surrounds only a portion of the
iput electrode 28 (1.¢., a part of the nner portion 26) so as to
provide an incomplete or partial overlap with the mput elec-
trode 28 as shown by way of example in FIG. 3. The place-
ment of the electrodes 28, 30 within the insulator body 22 1s
such as to leave a physical separation therebetween. As 1llus-
trated 1n FI1G. 3, the region of overlap between the electrodes
28, 30 may be indicated by the reference numeral “32.” The
shape of the overlap region 32 may depend on the geometry of
the electrodes 28, 30. In the embodiment of FIG. 3, the over-
lap region 32 may be hollow cylindrical or annular 1n shape.
In one embodiment, the output electrode 30 1s a copper mesh
cylinder. However, 1n an alternative embodiment, the output
clectrode 30 may be a hollow, solid cylinder of copper, brass,
bronze, or other suitable metal or metal alloy. Additional
geometries (e.g., a hollow rectangular or square tube) for the
output electrode 30 also may be contemplated.

Although the length and diameter of the output electrode
30 may be predetermined for a given capacitor configuration,
in alternative configurations these length and diameter can be
varied depending on the length and diameter of the substan-
tially cylindrical insulator body 22 and/or the degree of elec-
trical coupling desired between the electrodes 28, 30 1n view
of the mcomplete overlap 32 therebetween. The capacitive
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coupling between the mput and output electrodes 28, 30 may
be dependent on the extent of overlap 32 between the elec-
trodes 28, 30.

It 1s observed here that the incomplete overlap 32 between
the electrodes 28, 30 may be used to provide desired voltage
1solation between two capacitor surfaces or electrodes. For
example, 1n one embodiment, the input electrode 28 may be
bolted directly onto a high voltage bus assembly having a
voltage of approximately 18 KVAC (single phase) or 27
KVAC (three phase), whereas the output electrode or capaci-
tor surface may be connected directly to a low voltage display
alarm unit 16 operating at a voltage 1n the range of approxi-
mately 5-100 volts AC. Therefore, the high voltage 1solation
may be necessary to insure proper sate 1solation of the high
and low voltages during operation of the sensing capacitor 12
in conjunction with the indicator unit 16.

Referring again to FIG. 3, 1n one embodiment, the output
clectrode 30 may be electrically connected to the output ter-
minal 34 having an opening 35 to allow an external electrical
connection to be made to the output electrode 30 (e.g., via
insertion of the male pin 18 of the conductor 17 as mentioned
hereinbelfore). In one embodiment, the output terminal 34
may be a solid copper insert, threaded terminal having a 14-20
threaded opening 35 to connect a single conductor to the
indicator device 16. In the embodiment of FIG. 3, the output
terminal 34 1s a solid copper insert having a diametrical shape.
However, 1n other embodiments, the geometry of the output
terminal 34 may vary depending, for example, on the conduc-
tor 17 to be used for electrical connection or on the shape
and/or size of the output electrode 30. The output terminal 34
may be made of copper, brass, bronze, or other suitable metal
or metal alloy that allows 1t to be electrically connected to the
output electrode 30 through soldering, brazing, or welding.

It 1s observed that the msulator body 22 may substantially
completely encapsulate the electrodes 28, 30 (including the
space 1n the region of overlap 32 between the electrodes) and
the output terminal 34, except at either ends of the insulator
body 22 where electrode connection points are provided as
illustrated 1n the exemplary embodiment of FIG. 3. In one
embodiment, the insulator body 22, the electrodes 28, 30, and
the output terminal 34 are all molded together to create a
portable, unitary capacitive structure (1.€., the sensing capaci-
tor 12). A homogenous capacitor assembly may be created by
performing the molding in a single-stage vacuum de-aeration
process using a lixed mold. Hence, a number of different
configurations of the sensing capacitor 12 may be molded
using a griven mold to provide for capacitors to sense different
ranges of AC voltages. In the de-aeration process, the
cycloaliphatic epoxy resin may be mixed with hardener and
filler compounds and degassed under high vacuum. The mix
may be then injected 1nto the mold (containing the electrodes
28.30, and the output terminal 34) and the capacitor assembly
thus may be formed under heat and pressure. Potentially
destructive, partial-discharge creating air voids may be
removed from the epoxy resin during curing of the molded
capacitor 12. The sensing capacitor 12 molded in this manner
may provide optimum high-voltage performance. In one
embodiment, a particle discharge (PD) test may be applied to
the molded capacitor 12 by applying a very high voltage
(approximately 18 kV) for one (1) minute between the
threaded portion 25 and the output terminal 34 (via the open-
ing 35). The capacitor 12 may “pass’ the test 1f the PD level
remains lower than 10 pC during the entire minute of testing.

As mentioned before, electrical coupling between the elec-
trodes 28, 30 1n the molded capacitor 12 1s accomplished
through the capacitive action derived from the electrodes 28,
30 and the dielectric material 22. The electrodes 28, 30 com-

5

10

15

20

25

30

35

40

45

50

55

60

65

8

prise the “plates” of the capacitor 12, whereas the
cycloaliphatic epoxy resin (ol the insulator body 22) provides
the dielectric of the capacitor 12. In one embodiment, the
dielectric (e.g., the cycloaliphatic epoxy resin) of the insula-
tor body 22 may have a nominal dielectric constant of
between 3 and 4. In the presence of an AC electric field, the
elfective capacitance of the sensing capacitor 12 creates a
high impedance element that allows microampere level cur-
rent to flow into the indicator device 16. Hence, effective
1solation 1s provided between the high voltage busbar 14 and
the circuitry 1n the indicator device 16. By varying the geom-
etry of the electrodes 28, 30 (and, hence, the geometry of the
insulator body 22), the amount of effective capacitance of the
capacitor 12 can be adjusted as per the voltage-sensing
requirement.

In one embodiment, the sensing capacitor 12 may provide
for impedance in excess of 100 mega-ohms (M£2) for a nomi-
nal range of input voltages (e.g., in the range of approximately
2.3 KVAC to approximately 27 KVAC three phase, and in the
range ol approximately 2.3 KVAC to approximately 18
KVAC single phase) on the busbar 14. For example, with
reference to FIG. 3, 1n one embodiment, the length of the
input electrode 28 may remain fixed at 6.5 imnches (with 0.5
inch diameter for the electrode rod 28 and 1.25 inches long
threaded outer portion 25) and the diameter of the cylindrical
output electrode 30 may remain fixed at 1.73+£0.03 inches,
whereas the lengths of the output electrode 30 and the overlap
32 may be varied to obtain a range of capacitance and imped-
ance values. For example, average impedance of 153+2 M2
and average capacitance of 17+0.3 pF may be obtained when
the output electrode 30 1s 4.5 inches long with 2.5 inches
(lengthwise) of overlap 32 between the mput and output
clectrodes. In another embodiment, average impedance of
145+2 ME2 and average capacitance of 18+0.3 pF may be
obtained when the output electrode 30 1s 4.25 inches long
with 2.25 inches (lengthwise) of overlap 32 between the input
and output electrodes. In a still further embodiment, average
impedance of 131+£3.5 ML and average capacitance of
19.3+£0.3 pF may be obtained when the output electrode 30 1s
4 inches long with 2 inches (lengthwise) of overlap 32
between the mput and output electrodes. Additional imped-
ance and capacitance value may be obtained by appropniately
varying the lengths of the output electrode 30 and the overlap
32 between the electrodes. It 1s noted here that, like the
dimensions of the mput electrode rod 28, the dimensions of
other parts 1n the sensing capacitor 12 also may remain fixed
while accommodating different geometries of the output
clectrode 30. For example, again with reference to FIG. 3, 1n
one embodiment, the cylindrical insulator body 22 may be 7.5
inches long with 3.1 inch outermost diameter (which diam-
cter may decrease to 2.2 inches when measured at the trough
of the surface undulations 24), the output terminal 34 may be
1.125 1nches long with 0.5 inch outer diameter, and the open-
ing 35 may be 0.65 inch deep lengthwise 1nside the output
terminal 34 (with 0.5 inch thread depth) and may have 0.201
inch diameter. All of these component geometries may be
accommodated within an overall (end-to-end) length of 9
inches for the sensing capacitor 12.

It 1s observed here that the sensing capacitor 12 1s prefer-
ably mounted directly onto a high voltage busbar or bus
bracket in a vertical position as illustrated, for example, in
FIG. 1. The %2-13 threaded portion 25 of the input electrode
28 may be used along with 2-13 mounting hardware 15 to
directly mount the capacitor 12 onto the busbar 14. However,
when the capacitor 12 1s mounted 1n a horizontal or other
non-vertical position, the non-conductive insulating material
of the msulator body 22 may be used as support so as not to
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reduce the electrical creepage distance from the high voltage
input electrode 28 to ground or to the end of the low-voltage
output terminal 34. Due to the high voltages involved during
operation of the sensing capacitor 12, 1t 1s desirable to have a
capacitor design i which adequate creepage distance 1is
maintained along with usage of proper dieclectric material
(with no air voids) for safe operation of the sensing capacitor
12.

FI1G. 4 1s an exemplary circuit layout for providing audible
and visual alerts through the indicator unit 16 when high-
voltage 1s detected by the sensing capacitor 12 on an electrical
bus of one of the AC phases. And, FIG. 5 1s an exemplary
circuit layout similar to that in FIG. 4, but configured to
provide only audible alerts through the indicator unit 16.
Referring now to FIG. 4, a full-wave rectifier circuit 40 (com-
prising ol diodes 42a through 42d) 1n the indicator unit 16
may be connected directly between the incoming conductor
17 (associated with the sensing capacitor 12 for an AC phase)
and ground 20 as shown. The rectifier terminals 40a and 4056
may be directly connected respectively to the corresponding
conductor 17 and to ground 20. In the circuit of FIG. 4, the
alternating current picked up by the electrode 30 of the high-
voltage sensing capacitor 12 across insulation 22 1s fully
rectified by the diode bridge rectifier 40, the rectified charge
being stored 1n a corresponding capacitor 44 that1s connected
across rectifier output terminals 40¢ and 404d.

A neon discharge bulb 46 also may be connected across the
rectifier output terminals 40¢-40d, 1n parallel with the corre-
sponding capacitor 44. The neon discharge bulb 46 will not
conduct until the voltage across the bulb reaches approxi-
mately 80 volts, when an avalanche discharge occurs and the
capacitor 44 discharges instantly, creating a bright tlash of
light. The flashing continues at a frequency determined by the
voltage onthe busbar 14, the geometry of various components
(e.g., the electrodes 28, 30) of the sensing capacitor 12 (and,
hence, the amount of voltage 1solation provided thereby), and
other parameters as long as the high voltage busbar 14 is
energized. The rate of flashing also may be determined,
among other factors, by the phase to ground voltage of the AC
power supply (e.g., the busbar 14 1n FIG. 1), by the capaci-
tance of the storage capacitor 44, and by the geometry of the
sensing capacitor 12. At very high voltages, the tlashing fre-
quency may increase to a point where the effect on an opera-
tor’s eye may be one long continuous flash. It may be however
desirable to have the flashing frequency at a rate low enough
for the operator’s eye to sense that the neon bulb 46 flashes on
and off.

In addition to the AC phase-specific visual alert provided
by the flashing neon bulb 46, a sound-generating piezo elec-
tric device 48 may be connected 1n series with the neon bulb
46 as 1llustrated by way of the dotted circle in FIG. 4. The
sound generator 48 may produce a sharp “chirp” each time the
bulb 46 tlashes. This option may thus provide both visible and
audible alert signals. In another embodiment, where only an
audible signal would be required, the circuit configuration
illustrated in FIG. 5 may be used instead of that in FIG. 4 for
a single AC phase. An avalanche diode 50, or any other
suitable device for conducting electrical current 1n an ava-
lanche mode 1n response to a predetermined voltage, may be
substituted for the neon bulb 46 (1n FIG. 4), 1n series with the
piezo electric sound generator 48 as 1llustrated 1n FIG. 5.

It 1s reiterated here that the circuit configurations in FIGS.
4 and 5 are for only one of the AC phases. Three such circuit
configurations—one per AC phase—may be used per 1nstal-
lation of the indicator device 16 to monitor voltage conditions
in all three electrical phases. Such additional configurations
may provide protective redundancy for maximum safety. In
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case a circuit associated with one of the neon bulbs or ava-
lanche diodes 1s defective, there are two other circuits for
back-up. Furthermore, apart from the safety advantages, the
visual and/or audible alerts can also save time by indicating
the loss of high voltage to the equipment being monitored.

The foregoing describes a high-voltage sensing capacitor
as an 1nterface apparatus that may be used to attach an 1ndi-
cator unit to a high-voltage AC electrical bus and to provide
safety to maintenance personnel. The high-impedance nature
of the sensing capacitor effectively 1solates the indicator unit
from the high-voltage source to which 1t 1s connected. Mul-
tiple electrical phases can be interfaced using a plurality of
such sensing capacitors. The sensing capacitor can be directly
mounted to a high-voltage busbar. The indicator unit may
provide visual and/or audible alerts to maintenance personnel
when high voltage conditions are detected on the busbar by
the sensing capacitor. The sensing capacitor 1s comprised of a
portable, unitary capacitive structure that includes a molded
insulator body encapsulating two electrodes. The electrodes
of the capacitor only partially or incompletely overlap within
the insulator body. The electrode spacing and configuration 1s
structured to provide a deliberate amount of coupling
between the two electrodes 1n the presence of an AC electric
field. The sensing capacitor provides a very high impedance
interface to the high-voltage bus, thereby delivering only
microampere-level currents to an indicator unit to enable the
indicator unit to provide the desired indication of the presence
of high voltages on the electrical bus.

A high voltage sensing configuration including the sensing
capacitor and indicator unit according to one embodiment of
the present disclosure may be used, for example, to sense high
voltage conditions 1n single phase and three phase AC sys-
tems applications because the configuration can respond to
phase to ground voltages on each of the three (3) AC phases.
The sensing capacitor and indicator unit combination 1s “seli-
contained” because 1t does not require separate power supply
or batteries and does not need any transformers, switches or
fuses. Furthermore, the combination of the sensing capacitor
and indicator unit can be readily incorporated into new elec-
trical equipment and also can be easily retrofitted to existing,
equipment. The sensing capacitor and indicator unit can be
applied in circuit locations where alternative indicators would
be impractical or too costly. Also, the sensing capacitor and
indicator unit combination according to one embodiment of
the present disclosure requires low maintenance because 1t
does not require any adjustment or calibration, as can be
evident from the discussion hereinabove.

While the disclosure has been described 1n detail and with
reference to specific embodiments thereot, 1t will be apparent
to one skilled in the art that various changes and modifications
can be made therein without departing from the spirit and
scope of the embodiments. Thus, 1t 1s intended that the present
disclosure cover the modifications and variations of this dis-
closure provided they come within the scope of the appended
claims and their equivalents.

What 1s claimed 1s:

1. A sensing capacitor consisting essentially of:

a portable, unitary capacitive structure that includes;

an sulator body of a dielectric material;

first elongated electrode extending a distance into the insu-

lator body with an input terminal end protruding from
one end of the insulator body; and

a second hollow electrode closed at one end extending a

distance mnto an opposite end of the insulator body, the
closed end forming an output terminal protruding from
the end of the insulator body opposite the input terminal,
the internal portion of the second electrode surrounding
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and partially enclosing a section of the first electrode
opposite the mput terminal for an mcomplete overlap
and a physical separation between the first and the sec-
ond electrodes, and

wherein said insulator body 1s configured to allow external

clectrical connections to be made to the input terminal
end and the output terminal.

2. The sensing capacitor of claim 1, wherein said dielectric
material 1s cycloaliphatic epoxy resin.

3. The sensing capacitor of claim 1, wherein said first
clectrode 1s configured to be attached to a high voltage busbar
of an AC (alternating current) power source.

4. The sensing capacitor of claim 1, wherein said insulator
body 1s substantially cylindrical.

5. The sensing capacitor of claim 4, wherein said insulator
body comprises a plurality of surface undulations on an out-
ermost surface thereof.

6. The sensing capacitor of claim 3, wherein at least one of
the following 1s dependent on a range of operating voltages
for said sensing capacitor;

a length of said substantially cylindrical msulator body;

and

a diameter of said substantially cylindrical insulator body;

and number and shape of said surface undulations.

7. The sensing capacitor of claim 4, wherein a length and a
diameter of said hollow, cylindrical shape of said second
clectrode 1s dependent on at least one of the following:

a length and a diameter of said insulator body; and

a degree of electrical coupling desired between said first

and said second electrodes.

8. The sensing capacitor of claim 1, further comprising a
threaded output terminal residing substantially within said
insulator body and in electrical contact with said second
clectrode so as to allow an external electrical connection to be
made to said second electrode through said threaded output
terminal.

9. The sensing capacitor of claim 8, wherein said second
clectrode 1s electrically connected to said threaded output
terminal using a process selected from the group consisting of
soldering, brazing. and welding.

10. The sensing capacitor of claim 8, wherein said first
clectrode, said second electrode, said insulator body, and said
threaded output terminal are molded together.

11. The sensing capacitor of claim 1, wherein said {first
clectrode 1s a metallic cylindrical rod that includes a threaded
portion and anon-threaded portion, wherein said non-
threaded portion 1s substantially encapsulated within said
insulator body and said threaded portion remains outside of
said insulator body so as to allow an external electrical con-
nection to be made to said first electrode through said
threaded portion.

12. The sensing capacitor of claim 1, wherein a length and
a diameter of second electrode are predetermined, and
wherein said hollow cylindrical shape has one of the follow-
ing configurations;

a metallic solid configuration: and

a metallic mesh configuration.

13. The sensing capacitor of claim 1, wherein a capacitive
coupling between said first and said second electrodes 1s
dependent on an extent of said overlap between said first and
said second electrodes.

14. A high voltage sensing capacitor configuration consist-
ing essentially of:

a sensing capacitor that includes:

a first elongated solid electrode having an inner portion and

an outer portion, wherein said outer portion 1s electri-
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cally connected directly to a high voltage busbar of an
AC (alternating current) power source,

a second electrode having a substantially hollow cylindri-
cal shape closed at one end that surrounds only a part of
said inner portion of said first electrode so as to partially
overlap said inner portion while leaving a space between
said first and said second electrodes throughout a region
of said overlap,

an output terminal 1n electrical contact with said second
clectrode, and an 1nsulator body of a dielectric material
substantially completely encapsulating said inner por-
tion of first electrode, said second electrode, said space
between said first and said second electrodes, and said
output terminal; and

an indicator unit electrically connected to said output ter-
minal so as to receive capacitive current generated by
said sensing capacitor when said high voltage busbar 1s
clectrically energized and to thereby provide an indica-
tion of presence of high voltage on said busbar of said
AC power source.

15. The sensing configuration of claim 14, wherein said
insulator body of said sensing capacitor is substantially cylin-
drical with a plurality of surface undulations on an outermost
surtace thereof.

16. The sensing configuration of claim 14, wherein said
dielectric material of said sensing capacitor 1s cycloaliphatic
CpOXY resin.

17. The sensing configuration of claim 14, wherein said
indication of presence of high voltage provided by said 1ndi-
cator unit 1s at least one of the following:

a visual alert; and an audible alert.

18. The sensing configuration of claim 14, wherein a volt-
age on said high voltage busbar 1s in the range of one of the
following;:

approximately 2.3 KVAC to approximately 27 KVAC three
phase; and

approximately 2.3 KVAC to approximately 18 KVAC
single phase.

19. A hugh voltage sensing system consisting essentially of:

a first electrode having a threaded portion and a non-
threaded portion, wherein said threaded portion 1s con-
figured to he electrically connected directly to a high
voltage busbar of an AC (alternating current) power
SOUrCe;

a second electrode having a substantially hollow cylindri-
cal shape that surrounds only a part of said non-threaded
portion of said first electrode so as to incompletely over-
lap said non-threaded portion while leaving a space
between said first and said second electrodes throughout
a region of said overlap;

an output terminal 1n electrical contact with said second
clectrode; and an 1nsulator body of a dielectric material
substantially completely encapsulating said non-
threaded portion of first electrode, said second electrode,
said space between said first and said second electrodes,
and said output terminal; and

an 1ndicator unit configured to be electrically connected to
said output terminal so as to receive capacitive current
generated when said first electrode 1s electrically con-
nected to said high voltage busbar and when said high
voltage busbar 1s electrically energized, wherein said
indicator unit 1s configured to thereby provide an 1ndi-
cation of presence of high voltage on said busbar.
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20. The system of claim 19, wherein said indicator unit 1s approximately 2.3 KVAC to approximately 27 KVAC three
configured to provide said indication of presence of high phase; and
voltage via at least one of the following: approximately 2.3 KVAC to approximately 18 KVAC
a visual alert: and single phase.

5 22. The system of claim 19, wherein said first electrode,

said second electrode, said output terminal, and said insulator

21. The system of cl:;aim 19, wherein said ﬁrst ft,—‘-lectrode 1S body are molded together, thereby creating a unitary capaci-
configured to be electrically connected to said high voltage tive structure.

busbar when a voltage on said high voltage busbar 1s 1n the
range of one of the following: £k % k%

an audible alert.
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